these compounds showed a strong plate-like preferred orientation along with the c-axis due to their layered structure. The most reliable solutions with physically meaningful crystallographic parameters was finally achieved when adopting P4/ mmm space group for RbCa2NaNb4O13 and I4/mmm space group for both sodium ion-exchanged co pounds. A typical result of the pattern fitting is shown in Fig. 2 for RbCa2NaNb4O13. The crystallo graphic data and the positional parameters are listed in Table 1 . The selected interatomic distances and angles are listed in Tables 2-4 . The R-factors ob tamed for RbCa2NaNb4O13 are achieved to reasona bly reduced values, while those for both sodium ion The trace on the bottom is a plot of the difference between calculated and observed intensities. 4) The site for (Ca, Na) species with the atomic ratio of ca:Na=2/3:1/3. Table 2 . Atomic distances and angles for RbCa2NaNb4O13.
1) The site for (Ca, Na) species with the atomic ratio of ca:Na=2/3:1/3. Table 3 . Atomic distances and angles for NaCa2NaNb4O13 H2O.
1) The site for (ca, Na) species with the atomic ratio of ca:Na=2/3:1/3. Symmetry code: Table 4 . Atomic distances and angles for NaCa2NaNb4O13.
1) The site for (Ca, Na) species with the atomic ratio of ca:Na=2/3:1/3. exchanged compounds are fairly large. This is proba bly due to their relatively poorer crystallinity brought about as a result of the ion-exchange reac tion with molten salt.
Description of structures
The crystal structures of the three compounds refined are shown in Fig. 3 . All of the structures can be described as layered structure with four units of perovskite, interleaved by alkaline ions. The coordi nation around rubidium atom is eight-fold coordinat ed by the oxygen atoms belonging to the perovskite layer. The coordination around sodium atom in the anhydrous sodium compound is an almost perfect regular tetrahedron with 50% site occupancy. These structural features of the above two compounds are substantially the same as those of MLaNb2O7 (M=Rb, Na),11),14) except for the difference in the thickness of the perovskite layer. The situation of the hydrous sodium compound is somewhat compli cated. When taking into account only the oxygen atoms forming the perovskite lattice, the coordina tion around sodium atom is a tetragonal prismatic coordination. The water molecules are statistically distributed in the site forming a square-planar coordi nation around sodium atom with 50% occupancy. It is difficult to distinguish the accurate positions of so dium atom from those of oxygen atom belonging to a water molecule in the interlayer, owing to the fact that these elements have a smaller contribution to the structure factors obtained y XRD because of their small and almost the same atomic scattering factors. Therefore, it is evident that the structural model proposed here is considered to be substantial ly correct, but that the accuracy of the atomic posi tions especially for the atoms located in the interlay er may e still uncertain. The stacking manner of the layers along the c-axis is different between rubidium compounds and sodi um compounds; the adjacent perovskite layers are stacked each other without displacement for RbCa2 NaNb4O13 but with displacement by translating by 1/2 along the diagonal direction of the two a-axes for both sodium compounds, probably due to the ionic size of the cation located in the interlayer. Figure 4 shows the environment of niobium atoms in RbCa2 NaNb4O13. There are two types of niobium sites which are crystallographically independent. The NbO6 octahedra located inside of the perovskite lay er are close to an ideal octahedron, while those locat ed outside of the layer are fairly distorted. The Nb-O bonds in the latter octahedra are classified into three types, i.e., a very shortened bond (1.710A) toward the interlayer space, four normal bonds (1.978A) linked within the layer and a long bond (2.390A) toward inside of the layer. These bond characters are more or less seen in the octahedra inside of the layer but its distortion is remarkably depressed. The distortion of the NbO6 octahedra in the perovskite layer is a quite common feature observed in layered perovskites which exhibit ion-exchange pro perty.15),16) The occurrence of the very shortened Nb-O bond can give less charge density to the inter layer space, giving a less interaction between the alkali ion and the perovskite lattice responsible to ion-exchange reaction. The situation in sodium ion exchanged compounds is something interesting. A large distortion in NbO6 octahedra is observed for not only the octahedra located inside but also the oc tahedra located outside in the hydrate ( Nb4O13 (M=Rb, Na) and NaLaNb2O7.
